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Introduction

Recent studies have indicated that cancer includes a 
group of disorders characterised by uncontrolled cellular 
proliferation and the dissemination of atypical cells 
throughout the organism. Research has concentrated on 
creating novel therapeutic approaches to increase life 
expectancy and lower cancer mortality [1-3]. Cancer is still 
one of the biggest threats to global health is a significant 
cause of mortality globally, resulting in roughly ten million 
fatalities in 2020, and has adverse consequences [4, 5]. 
In recent years, biochemical molecules have surfaced 
as novel, eco-friendly anticancer medicines and viable 
alternatives to chemotherapy. Due to the worsening crisis 
of chemically synthesized treatments and medicines, the 
world’s interest in these compounds from natural sources 
has increased. Marine organisms, such as brown algae, 
are at the forefront of these sources, offering a promising 
source of pharmaceutical compounds, in addition to 
plant sources. These natural compounds from algae, 
including brown algae Sargassum subrepandum, are rich 
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in secondary metabolites anthocyanins (C3G and CCy3G), 
plants [1, 6], Flavonoids (including anthocyanins), 
sugars, lipids, polyphenols, and peptides with distinctive 
biological activity [7]. Recent studies have shown that 
bioactive compounds extracted from algal organisms have 
important therapeutic roles in preventing and inhibiting 
cancerous tumors [8].

Traditional and folk medicine have made use of 
natural items for therapeutic purposes. For instance, taxol 
and flavonoids like anthocyanidin and the well-known 
colchicine are among the numerous anticancer medications 
that have been employed in cancer chemotherapy that 
come from natural sources [9, 10]. Anthocyanins are 
among the more than 10,000 secondary metabolites that 
make up the families of polyphenolic chemicals known 
as flavonoids. Anthocyanidins are one of their aglycone 
forms. The quantity and location of hydroxyl and 
methoxyl substituents in their structure determine which 
classifications they fall under. Algae, such as seaweed 
and the plant Laminaria japonica, contain them [11-15]. 
The six major classes of natural anthocyanins that have 
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emerged in recent years have important protective, health 
and industrial functions. They are cyanidin, delphinidin, 
betonidin, peonydin, pelargonin and malvidin, and they 
belong to the polyphenol class. The most significant of 
them is cyanidin-3-glucoside (C3G), a naturally occurring 
protein pigment found in various organisms and one of 
the most prevalent anthocyanins. Because of the hydroxyl 
group on the ring, C3G has potent antioxidant and 
anticancer properties. Vanillic acids ( VA ), ferric acid 
(FA), with protocatechuic acid (PCA), phloglucinaldehyde 
(PGA), and other C3G metabolites (C3G-Ms) and their 
derivatives are the main active bioactive metabolites of 
C3G, due to their anticancer properties, including those 
against bladder cancer, antioxidant and free radical 
scavenging, antibacterial and antifungal properties, and 
their potential applications in strategies to combat and 
treat diseases such as diabetes and atherosclerosis, among 
others. Therefore, this study recommended the inclusion 
of algae extracts or powder as a natural alternative to 
synthetic treatments or their use in pharmaceutical 
formulations and inflammation [1]. According to the 
amount and position of hydroxyl and methoxyl groups 
replaced in its structure, C3G has been classified into 
several kinds [14, 15].

Anthocyanin pigments contain 2 aromatic rings with 
6 carbon atoms linked by a 3-c- h- ring. The 1ST ring (A) 
contains two hydroxyl groups and three double bonds, the 
2nd ring (C) ring (C) contains one oxygen atom and two 
double bonds, and the third ring (B) contains one hydroxyl 
group, Tri- dual links, and two side functional groups. 
Anthocyanin pigments are the chemical compounds’ R 
groups [16], as they are molecules that seek stability and 
non-degradation in the environment, and are characterized 
by their purple color, which gives the algae its name 
and color [1,17]. The stability of the structural forms of 
anthocyanins is attributed to their common pigmentation 
[18]. The anticancer and antioxidant activity of algal 
compounds, including anthocyanins, occurs due to 
molecular associations with other organic molecules, such 
as receptor proteins on the surface of cancer cells, which 
are often described as cofactors [19-23]. Owing to there 
high possible as antitumor bosses, these compounds have 
the potential to be considered as anticancer agents, as they 
inhibit the proliferation of tumor cells by stimulating the 
engineered cell death pathway and stopping the formation 
of blood containers, thus contributing to reducing the 
spread of cancer [13]. This is achieved through two 
important mechanisms: single-electron transport (SET) 
and hydrogen-atom transport (HAT). Their structure 
also enables them to exhibit anti-cancer properties and 
eliminate free radicals. Both processes reduce oxidative 
damage caused by primary free radicals by converting 
anthocyanins into a more stable free radical [24]. Through 
several pathways, anthocyanins also donate to cancer cell 
demise, plummeting the inflammatory response (COX 
inhibition), inhibiting the production of ROS, regulating 
cytokines that cause inflammation (TNF-α, IL-1β, and 
IL-6), inhibiting cell apoptosis through the Bcl-2/Bax 
ratio, and modulating the NF-B, AMPK, and MAPK 
pathways of signaling. Encouraging cell proliferation 
through the PI3K/Akt signaling pathway and decreasing 

enzymes that facilitate digestion, including α-amylase 
and α-glucosidase [25]. This study sought to examine 
the anticancer efficacy of the natural chemical cyanidin-
3-glucoside (C3G) ،extracted from algae, on the AY-27 
cancer cell line, through molecular and immunological 
pathways. It also aimed to explore its potential as a 
natural alternative to chemotherapy in killing bladder 
cancer cells. It also aimed to enhance our understanding 
To realise the potential benefits of algae’s functional 
components, cellular and molecular pathways must be 
established., including cytotoxicity, apoptosis, and loss 
of mitochondrial wall capacity, were identified in C3G-
induced cancer cell differentiation.

Materials and Methods

Preparation of Cyanidin-3-glucoside compound
The standard compound used is cyanidin-3-glucoside 

(C3G), an algae and plant extract manufactured by the 
same company and imported from the USA (Colorado 
Springs) by BIO TEST. It is packaged in a container with 
several purple capsules and boasts 97% purity.

preservation of cell cultures
The AY-27 cancerous bladder cell line was cultivated 

in RPMI-1640 media augmented with as much as ten 
percent fetal bovine serum, as well as penicillin up to 
100 units/ml, and streptomycin up to 100 micrograms/ml. 
Using trypsin-EDTA, the cells were transfected and then 
re-cultured every two weeks at 80% of the cell density. 
The cells were then hatched at 37°C [26, 27].

Cytotoxicity Assay
The MTT test was used to assess the toxic to cells effect 

of C3G using 96-well plates [28, 29]. Cells were seeded 
at a thickness of 1 × 10⁴ cells in each well. After 24 hours, 
or when a continuous single layer was reached, the AY-27 
BC cellular lineage was treated with the natural compound 
C3G. Cell viability was evaluated at 24,48, and 72 hours 
after the C3G treatment by aspirating the medium. 
Subsequently, 100 μL of a 2 mg/ml solution of MTT was 
introduced, and the tumour cells were allowed to develop 
for a total of 2.5 hours at 37°C. Residual crystals in the 
wells post-MTT removal were solubilised by the addition 
of 130 μL of DMSO (dimethyl sulphuric sulfoxide) 
and thereafter agitated for fifteen minutes at 37°C with 
constant agitation [30]. We used a microplate reader to 
measure the absorbance at a wavelength of 492 nm. The 
exam was done three times. The cell growth suppression 
rate (cytotoxicity ratio) was then determined using the 
following equation [31, 32]:- Inhibition rate (%) = [(A − B) 
/ A] × 100. The letter A stands for the ophthalmic density 
of the controlled sample. The letter B, on the other hand, 
stands for the samples’ optical density [33]. Cancer cells 
were cultured in 24-well microplatelets with a density of 
1 × 10⁵ cells/ml to monitor cell morphological changes 
using an inverted microscope. The plates were kept at 37 
degrees Celsius for twenty-four hours. Subsequently, the 
cancer cells were exposed to the natural compound C3G 
for 24 hours. After the exposure period, the microplatelets 
were stained with crystal violet and incubated for 10–15 
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natural biocompatible compound C3G for an additional 
24 hours. After cultivation, the cured cells were collected 
and washed double with cold PBS at a 1× concentration. 
The sediment was then collected and cultured in growth 
medium, with the cell thickness adjusted to 1 million cells 
per milliliter. Before and after incubation at 37°C for 60 
minutes. The cells obtained using this method were then 
incubated with FITC Mouse Anti-p53 Antibody. After 
the period of incubation, the cells were subjected to two 
washes with a washing solutions (0.5 ml), thereafter 
transferred to flow cytometry tubes, and analyzed using 
this technique. The data were analyzed by BD Accurate 
C6 software.

Mitochondrial Membrane Potential Assay
To evaluate the effect of the natural compound C3G 

on the mitochondrial activity of AY-27 cancer cells, the 
Rhodamine (Rh123) fluorescent dye was utilized to 
assess the voltage across the mitochondrial membrane 
(ΔΨm) before and during treatment with C3G. Cell lines 
were treated with C3G 24 h, after being cultured Inside 
plates with 96 wells. The cells were then stained with 
Rh123 at a concentrate of 5 μM at 37°C for 2 hours. 
Cells were subsequently separated with 0.2 milliliter’s 
of Five% trypsin-EDTA solution and then centrifugation 
for 5 minutes at three hundred grammes. They were 
resuspended in FACS buffer (1-2% BSA in 1X PBS) and 
analyzed using flow cytometry, with the creation of graphs.

Molecular docking approach   
The rat bladder cancer cell line serves as a crucial 

model for investigating the effects of natural compounds 
and their role in mitigating cellular damage associated 
with oxidative stress. Through laboratory studies, this cell 
line acts as a valued tool for understanding the interactions 
between these combinations and the cellular mechanisms 
that lead to cancer development. These compounds play a 
crucial role in reducing the impact of radicals that are free, 
which contribute to tumor progression, thereby enhancing 
the understanding of how they can be utilized in future 
therapeutic approaches. Molecular docking was employed 
to assess ligand interactions with the (Rat Bladder) 
Receptor (PDB ID: 5IRZ), giving binding scores that show 
how stable the complex is. The Protein Data Bank’s main 
page (https://www.rcsb.org/structure/5IRZ) had the crystal 
structure on it. With an accuracy of 3.03 angstroms, the 
crystal structure is considered to be of good excellence 
for investigations of molecular docking. Two criteria 
are considered ideal for validating molecular docking 
outcomes: an RMSD (root-mean-square deviation) of 2 
angstroms or less and an energy of -7 kcal/mol or less. 
Utilizing the Molecular Operational Environment (also 
known as MOE) software (MOE, 2022), the optimized 
molecules (the natural bioactive compound cyanidin 
3-glucoside extracted from algae) were inserted into the 
receptor’s active location. The docking and evaluation 
calculations were also carried out in the MOE program 
after the preparation of the receptor protein. To promote 
the establishment of possible hydrogen bonds between the 
target and the ligand while retaining water molecules in 
the active site, the missing bonds in the protein structure 

minutes at 37°C [6]. The stain was then thoroughly rinsed 
with faucet water until complete removal was observed. 
The cells were then examined at 40x magnification and 
photographed with an electronic camera connected to the 
microscope [34].

Acridine Orange–Ethidium Bromide Staining 
The AO/EtBr stain assay was used to assess the rate of 

chemically induced programmed death of AY-27 bladder 
cancer cells (Sigma-Aldrich, USA). After 24 hours of 
culture of AY-27 cancer cells in 24-well plates, the cancer 
cells were treated with the natural bio-compound C3G. 
The plates were then kept warm for another 20 h, and the 
cells were washed in twice as much phosphate-diluted 
saline. Then, 50 µL of the two fluorescent dyes was added 
to the wells for 2 minutes in equal amounts to the cells, 
and the cells were finally examined using a fluorescence 
microscope [35, 36].  

Evaluation of Intracellular Reactive Oxygen Species 
Production

In C3G-treated and untreated AY-27 cancer cells, ROS 
generation was assessed employing a fluorescent pigment 
2,7, DCFH-DA. Suspended droplets of AY-27 cells were 
treated with 10 μM DCFH-DA at room temperature in the 
dark for 45 minutes. During this time, the dye penetrated 
the cells and reacted within them with the ROS to produce 
the fluorescent compound dichlorofluorescein (DCF). The 
stained cells were placed on a clean microscope slide 
after incubation and then examined under a fluorescence 
microscope. Fluorescence images were then taken to 
visualize and assess ROS generation within the AY-27 
cancer cells.

Apoptosis Detection by Flow Cytometry
To differentiate between apoptotic and necrotic cells, 

We employed the annexed V-Fluorescein Isothiocyanate 
(FITC) cell death identify kit (Abcam, Cambridge 
Science Park, Cambridge, UK) along with two-channel 
flow cytometry. After 24 hours of exposure to the natural 
bioactive compound C3G, AY-27 cancer cells were 
collected using trypsin. The cells were rinsed twice with 
cold saline solution with phosphate buffering (PBS), pH 
7.2. The samples were subsequently treated at room temp 
in a dark place with a stain solution comprising Annexin 
V-FITC and PI, or Propidium iodide, at a concentration of 
1 μg/ml for 45 minutes. The specimens were subsequently 
examined via flow cytometry. Using channels FL1 and 
FL2, we were able to see fluorescence signals for FITC 
and PI, respectively. Excitation and emission at 488 and 
530 nm. PI: 535/617 nm. After that, ACEA Novo Express 
software and a spring assay (ACEA Biosciences, San 
Diego, CA, USA) were used to find out how many FITC 
and/or PI-positive cells there were.

Measurement of p53 Levels by Flow Cytometry Assay
To assess the stages of p53 protein activation, the 

p53 fluorescence stain kit (Thermos Fisher Scientific, 
USA) was used. The AY-27 cancer cell line (2 × 10⁶ 
cells/ml) was cultured in 5 ml of middle for 24 hours 
at 37°C. The cultured Then, cells were treated with the 
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were corrected, and the protein was proteolyzed after its 
structure was damaged during X-ray diffraction. Using the 
Energy Optimization-Assisted Model Building (AMBER 
10), the protein structure was further optimized with the 
Extended Hooke’s Theory (EHT) force field.  

Statistical Analysis 
To calculate the experimental information, we 

employed the Tukey’s p-hoc test and the one-way ANOVA 
method. With a matched control group, the tests were done 
three times [37]. Data are presented as mean ± standard 
deviation. Linear regression was used to determine the 
IC50. OriginPro 2023 and GraphPad Prism version 7.0 
were utilized for data analysis, with a significance level 
of p < 0.05. 95% confidence intervals and p-values were 
calculated for each analysis [38].

Results

The naturally occurring compound cyanidin-3-
glucoside (C3G) induces cytotoxicity in AY-27 cells.

The findings of this investigation are presented in 
Figure 1 and Table 1, demonstrating the effect of the 
natural bioactive compound cyanidin-3-glucoside, 
extracted from algae, on AY-27 mouse bladder cancer 
cells. This was achieved by measuring its ability to induce 
harmful effects on AY-27 cells through the evaluation of 
C3G’s antiproliferative efficacy. The bioactive compound 
C3G induced several significant morphological changes 
in AY-27 tumor cells after treatment, as illustrated in 

Figure 2. The study demonstrated a peak cytotoxicity 
rate of 84.43% with the use of the C3G compound at 
100 µg/ml, while the lowest rate of 9.45% was recorded 
with the use of C3G at an amount of 6.25 microgrammes 
per millilitre.

Apoptosis pathway
Cyanidin-3-glucoside induce AY-27 cell death

The findings in the present investigation As illustrated 
in Figure 3, at an average concentration of 25 μg/ml, the 
study recorded a cell death rate of 44.56% (IC50, the 
halogenated concentration for half the cells)،  showed the 
possibility of stimulating programmed cell death in AY-
27 bladder cancer cells by the natural protein compound 
C3G. Cell growth slowdown often involves alterations 
in key signaling pathways due to changes in gene 
expression caused by activation of apoptosis pathways. 
Additionally, We used dual staining with acridine orange 
and ethidium bromide, which was performed to examine 
the morphology of cell nuclei treated with the natural 
compound, and based on DNA damage, dead cells were 
identified. This study also evaluated the activity of the 
C3G protein. To observe various necrotic changes in the 
cell nuclei, dual staining with AO-EB was used. Non-dead 
cells appeared green, while dead After being stained with 
AO-EtBr, the cells looked orange or red. 

as The results indicated, as illustrated in Figure 4, 
a reduction in cancer cell viability that was directly 
proportional to the C3G concentration across five distinct 
levels (6.25, 12.5, 25, 50, and 100 µg/ml), with an IC₅₀ 
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Figure 1. Cytotoxicity Effect of C3G in AY-27 cells. IC50 =25.08 µg\ml 

Cell Line AY-27 Concentration of Cyanidin-3-glucoside  µg\ml
Cytotoxicity % 0 6.25 12.5 25 50 100
Mean 0 9.45 23.84 44.56 70.86 84.43
SD 0 0.61 0.72 1.24 1.63 1.96
N 3 3 3 3 3 3

Table 1. Cytotoxic Effect of C3G on AY-27 Cells
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Figure 2. Morphological Changes in AY-27 Cells 
Following C3G Treatment. Magnification: 10x. A, 
Control untreated AY-27 cells. B, AY-27 cells after 
treatment with C3G at the IC50 concentration. 

Figure 3. Apoptosis Markers in AY-27 Cells Following 
C3G Treatment. A, Control untreated AY-27 cells. B, 
AY-27 cells treated with C3G at the IC50 concentration

Figure 4. C3G Induces ROS Production in AY-27 Cells. A, Control AY-27 cells that are untreated. B, AY-27 cells 
treated with C3G at the IC50 concentration.

value of 25.08 µg/ml. Exposure to these doses resulted in 
a substantial elevation of ROS generation.

Cyanidin-3-glucoside causes mitochondrial dysfunction 
in AY-27 cells

In the results of this research in Figure 6, we measured 
metal matrix enzymes using flow cytometry in accordance 
with the manufacturer’s specifications. Since the most 
important indicator of programmed cell death is a decrease 
in mitochondrial membrane potential, we employed 
this technique. After staining AY-27 cells with Rh123, 
mitochondrial potential was assessed by flow cytometry. 
Such as The highest kill in cells AY-27 rate was 44.56% 
at an average C3G concentration of 25 µg/ml.

Cyanidin-3-glucoside induces secretion of p53 
Flow cytometry results shown in Figure 7 revealed a 

maximum killing rate of 44.56% for AY-27 cancer cells at 
an average C3G concentration of 25 μg/ml, as shown in 
Figures 5 and 6. C3G-treated cells exhibited a significant 

rightward shift in p53, an apoptotic marker. 

Molecular Docking for Rat Bladder Cancer Cell Line
Table 2 and Figure 8 present the outcomes of the 

molecular docking approach of (Cyanidin 3-glucoside) 
(PDB ID: 5IRZ) Receptor. The molecular docking results 
indicate that Cyanidin 3-glucoside exhibited a stable and 
well-defined interaction, demonstrating the active region 
of the rat bladder cancer drug receptor, exhibiting a total 
binding power of −7.4815 calories per molecule.

Discussion

These results suggest the potential for C3G to 
inhibit the harmful proliferation of AY-27 cancer cells, 
which can lead to pathological changes, including DNA 
fragmentation, and other detrimental effects in AY-27 cells. 
It also influences Fas and ICAM expression, reduces Bcl-2 
levels, and activates caspases 10, 9, 8, 6, 4, 3, and 2 in the 
AY-27 cell line, resulting in apoptosis, cytotoxicity, and 
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Figure 5. C3G Induces Apoptosis in AY-27. A, Control untreated AY-27 cells. B, AY-27 cells after been treated with 
C3G. at concentration IC50.

Figure 6. C3G Induces Mitochondrial Dysfunction in 
AY-27 Cells. Upper panel, control untreated AY-27 cells. 
Lower panel, AY-27 cells after being treated with C3G at 
the IC50 concentration. 

Figure 7. C3G Induces p53 Expression in AY-27 Cells. 
Upper panel: control untreated cells. Lower panel: 
AY-27 cells after being treated with C3G at the IC50 
concentration. 

cell death. This underscores the role of the C3G pigment in 
preventing and decreasing the risk of AY-27 rat and mouse 
cancers. Recent studies have shown a significant decrease 
in HeLa cell numbers following CPC treatment. Electron 
microscopy reveals CPC induces features of cytotoxicity 
and apoptosis, this includes swelling of the cell membrane, 
as well as loss of microvilli, shrinkage of cells, formation 
of dense cellular granules and condensation of chromatin. 
Additionally, research indicates that C3G boosts Fas 
protein expression as a pro-apoptotic factor and ICAM-
1 as a cell adhesion molecule, while suppressing Bcl-2, 
which inhibits the mitochondria-dependent apoptosis 
pathway and regulates reactive oxygen species and 
cytochrome C release both key to apoptosis and growth 
regulation. These findings suggest that C3G can activate 
pro-apoptotic genes and downregulate anti-apoptotic 
genes, promoting tumor-induced apoptosis in BC cells 

in vitro [39, 40].
According to the findings presented in Figure 3 that 

using the double staining assay (AO/PI) as a fluorescent 
indicator allows one to detect any changes in the 
morphological shape of the nucleus of cancer cells, 
usually through the use of distinctive fluorescent colors. 
Following treatment with concentrations at half the 
IC50 of C3G, apoptotic cells increased dye permeability 
through the plasma membrane. Morphological changes 
were visualized using fluorescence microscopy, revealing 
membrane shrinkage, rupture, and gaps in lysosomes 
compared to untreated cells. The study findings suggest 
that C3G may serve as a therapeutic agent owing to 
its biological action, as it kills and inhibits cancer cell 
growth, repairs damaged cells, and prevents the migration 
and spread of nearby cells. This effect is concentration-
dependent [42, 43]. Furthermore, is it possible that C3G 
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Figure 8. (a) Molecular docking of the ligand bond at the protein's active site. (b) Simulated molecular docking of 
cyanidin 3-glucoside with (PDB code: 5IRZ) the mouse bladder cancer receptor, a site representing the highest-
ranking homologous binding. (c) Cyanidin 3-glucoside exhibits strong and stable binding to the mouse bladder cancer 
receptor, primarily through interactions with GLU356(D) and LYS368(D), a three-dimensional representation of all 
the amino acids surrounding the interacting homolog and the most stable. These results suggest its potential use as a 
natural inhibitor for bladder cancer treatment.

Bonds between Cyanidin 3-glucoside and the remains of the active site
Compd. NO Score

(kcal/mol)
RMSD

(Å)
Compd.
Atoms

Receptor
Atoms

Receptor
Residues

Interaction d (Å) E
(kcal/mol)

Total E
(kcal/mol)

O    21 OE1  GLU 356 (D) H-donor 2.62 -2.7
-7.4815 2.139 O    23 O GLU 356 (D) H-donor 2.48 -1.5 -35.089

Rat Bladder O    36 O GLU 356 (D) H-donor 2.67 -1.5
O    39 O GLU 356 (D) H-donor 2.76 -2
C    4 NZ LYS 368 (D) Ionic 3 -0.6

Table 2. Molecular Docking Results of (Cyanidin 3-glucoside) Ligand with the (Rat Bladder Cancer Cell Line) 
Receptor

can significantly halt the cancer cell cycle in the G0/
G1 pathway, thereby inducing apoptosis and reducing 
the cancer cell’s ability to invade neighboring cells by 
stimulating the Bax, PARP, and caspase-3 pathways 
[44-46].

To better understand the cytotoxic effects of C3G on 
the highly aggressive AY-27 cell line, We examined several 
indicators of cellular stress, such as ROS production, 
after exposure to an IC₅₀ concentration (25.08 µg/ml) of 
the bio-compound C3G for 72 hours. ROS levels were 
notably higher in C3G-treated AY-27 cells, as detected 
by staining with 2′,7′-DCFH-DA. This dye acts as a 
general indicator of intracellular ROS; once inside the cell, 
esterases deacetylate it to form non-fluorescent DCFH, 
which ROS then oxidizes into the fluorescent compound 
2′,7′-dichlorofluorescein (DCF). The DCF compound 
glows green at a wavelength of 485 nm as an excitation 
wave and at a wavelength of 530 nm as an emission wave. 
This study’s results indicated that the toxic effect of the 
C3G compound in AY-27 cells was attributable to the 
overproduction of ROS, hence corroborating prior research 
findings. Oxidative stress impairs cellular homeostasis and 
destroys vital macromolecules, including lipids, nucleic 
acids, and proteins, resulting in programmed cell death 
(apoptosis). This study sought to assess the therapeutic 

efficacy of the natural chemical C3G on AY-27 cells by 
investigating its production of reactive oxygen species 
and its ability to induce apoptosis in cancer cells, and as 
shown in Figure 4. Overall, the data indicate that C3G 
induces apoptosis in AY-27 cells, depending on the dose 
and duration of exposure, primarily through excessive 
ROS production.  Flow cytometry analysis revealed 
that treating pancreatic cancer AY-27 cells with C3G at 
their IC50 dose (25.08 µg/mL) significantly enhanced 
apoptosis. As indicated in Figure 5, there was a statistically 
significant increase in the percentage of dead cells 24 hours 
after treatment, this strong toxic effect of the compound on 
tumor cells was confirmed and established, by comparison 
with the untreated control group.

Matrix metalloproteases (MMPs) are key biomarkers 
and potential targets for cancer therapy. This is because 
any disruption to the mitochondrial pathway is a major 
factor in programmed cell death (apoptosis), and 
apoptosis is initiated through the mitochondrial pathway, 
which actively contributes to its activation by various 
stimuli. Deprivation of Δψm and release of cyst-c 
into the cell cytoplasm are among the most important 
changes associated with programmed cell death in 
mitochondria, leading to activation of cas-3 proteins via 
cas-9. We assessed the rate of apoptosis in AY-27 cells 
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followingexposed to C3G for 24 hours exhibited reduced 
Rh123 staining, indicatingllustrated in Figure 6. Cells 
subjected to C3G for 24 hours exhibited diminished Rh123 
staining, signifying a decreased mitochondrial potential 
relative to untreated cells [47]. The highest kill rate was 
44.56% in AY-27 cells at an average C3G concentration of 
25 µg/ml [46]. It has been shown that Bcl-2 proteins have 
a carboxyl terminal region where this region targets the 
outer membrane of the mitochondria as well as its nuclear 
envelope by binding to its terminal group. translocating to 
mitochondria, and triggering apoptosis. Once activated, 
these proteins can bind to other anti-apoptotic proteins, 
preventing their function and indorsing cell death in 
bladder tumor cells [42, 48]. 

Apoptosomes can be observed in programmed 
cell death events in tumor cells, leading to the orderly 
disintegration of cancerous cells [49]. In this study, in 
Figure 7, we measured p53 expression levels. The results 
indicated that treating AY-27 cells with C3G caused an 
increase in the p53 pathway, compared to the results in 
the control group. P53 functions as a cellular stress sensor 
and as part of a signal transduction pathway that induces 
cell cycle arrest following DNA damage. Additionally, 
the extrinsic and intrinsic death pathways can induce 
programmed cell death by upregulating the cas-8 and p53 
pathways [39, 50]. Previous testing clearly demonstrated 
that C3G can induce mitochondria-dependent apoptosis. 
For cell death to occur, there are two important pathways: 
the extrinsic pathway (mediated by programmed cell death 
receptors) and the intrinsic pathway (regulated at the level 
of mitochondrial proteins or receptors). The extrinsic 
pathway is triggered by signals from the outer surface the 
purines of cancer cells, specifically Fas/FasL, which draw 
in the associated with Fas death domain (FADD). The 
FADD-Fas complex pathway can induce procaspase-8. 
This dynamic and bioactive complex, commonly known 
as the DISC (Dissociative Cell Death Signaling Complex), 
is capable of activating casp-3, important to cell death. 
The activity of the p53 protein has been investigated using 
flow cytometry [20, 50-52]. 

This relatively low binding score reflects a strong 
affinity and good fitting of the ligand within the receptor’s 
active pocket are shown in Table 2 and Figure 8. Several 
hydrogen bonds were observed between the oxygen atoms 
of the ligand (O21, O23, O36, O39, and C4) and the 
receptor residues, mainly GLU356(D) and LYS368(D) 
[53, 54]. The interactions included multiple H-donor 
bonds and one ionic interaction, with bond distances 
ranging from 2.48 to 3.00 Å, which are within the optimal 
range for hydrogen bonding. The repeated interactions 
with GLU356(D) These remnants demonstrate their 
important role within the active site by fixing the 
link. Moreover, the ionic interaction with LYS368(D) 
enhances the electrostatic attraction, thereby increasing 
the overall stability of the complex. Energetically, the 
partial interaction energies (ranging from −2.7 to −0.6 
kcal/mol) contribute additively to a highly negative total 
binding energy, indicating a strong and stable complex 
formation between the ligand and the receptor. Overall, 
these findings suggest that Cyanidin 3-glucoside has a 
notable binding potential toward the rat bladder cancer 

receptor, highlighting its possible role as an effective 
inhibitory compound capable of interfering with crucial 
active-site residues [55, 56].

In conclusion, the present study sought to investigate 
an alternate approach to mitigate bladder cancer incidence 
in mice, emphasizing natural, environmentally sustainable 
substances instead of traditional chemical therapies. 
The study specifically examined flavonoids originating 
from marine algae, focusing on anthocyanins such as 
cyanidin-3-glucoside (C3G), a natural pigment in vitro, 
C3G demonstrated efficacy in inhibiting or eradicating 
cancer cells (CC), as well as in vivo, including the AY-27 
bladder cancer strain in mice. The study investigated the 
influence of C3G on bladder cancer growth in isolated 
cells and its ability to induce multiple cellular pathways, 
including cytotoxicity, apoptosis, the p53 pathway, the 
mitochondrial pathway, and microenvironmental fusion. 
The most pronounced cytotoxic effect was observed at 
a C3G dose of 100 μg/ml, resulting in a cell death rate 
of 84.43%. The minimal cytotoxic impact recorded was 
9.45% at a dose of 6.25 µg/ml. Apoptosis was assessed 
via DNA damage, while analysis of the mitochondrial 
pathway indicated that C3G caused mitochondrial 
dysfunction in AY-27 cells, resulting in a loss of 
membrane potential relative to untreated cells. C3G was 
also experiential to enhance p53 gene expression, hence 
reinforcing its function in tumor suppression. These 
data indicate that C3G effectively induces apoptosis, 
consequently suppressing the growth and advancement 
of the AY-27 bladder cancer cell line. Therefore, the C3G 
compound shows promising therapeutic potential as a 
drug for bladder cancer in mice. Cyanidin 3-glucoside 
binding was mimicked with a mouse bladder cancer cell 
line. These interactions indicate a significant inhibitory 
effect against bladder cancer targets.
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